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              Over the last 30 years, more effective treatments, as well as 
enhanced methods for early diagnosis of cancer have resulted in 
major improvements in survival for childhood malignancies. 
The relative 5-year survival rate has risen from 56% for chil-
dren diagnosed between 1974 and 1976 to 79% for those diag-
nosed in the period 1995 – 2001  ( 1 ) , and the current 10-year 
survival rate is approximately 75%  ( 2 ) . This increased survival 
means that the majority of children with cancer can look for-
ward to a long life; however, they may experience multiple late 
health problems. One of the most alarming long-term conse-
quences of childhood cancer is the occurrence of a second pri-
mary malignancy. Although the etiology of many second cancers 
is unknown,  treatment-related cancers are a well-recognized se-
quela of both radiotherapy and chemotherapy  ( 3 , 4 ) . An excess 
risk of subsequent malignancies of the thyroid, breast, bone, 
soft tissue, and central nervous system (CNS) following radia-
tion treatment for childhood cancer have been reported, whereas 
secondary leukemia is the main malignancy associated with 
chemotherapy  ( 5 , 6 ) . 

 In this issue of the Journal, Neglia et al.  ( 7 )  report on 116 
childhood cancer survivors who developed subsequent malignant 
and benign tumors of the CNS and 464 childhood cancer survi-
vors, matched on age at initial diagnosis, sex, and time since fi rst 
diagnosis, who did not develop such subsequent tumors. The 
study subjects are part of the Childhood Cancer Survivor Study 
(CCSS), an ongoing multi-institutional retrospective cohort study 
of over 14 000 5-year cancer survivors who were less than 21 
years of age at initial cancer diagnosis. Study participants were 
diagnosed over a 17-year period (January 1970 to December 
1986) and were treated at any of the 26 collaborating centers in 
the United States or Canada  ( 6 , 8 ) . The current study is one of a 
series of evaluations of factors associated with the development 
of second cancers in this cohort  ( 6 , 9  –  11 ) . Data from CCSS inves-
tigations have substantially increased our knowledge about health 
outcomes, behavior and care, as well as quality of life in young 
cancer patients. 

 Neglia et al.  ( 7 )  have clearly demonstrated a strong and statis-
tically signifi cant association between radiotherapy and subse-
quent occurrence of CNS tumors, and in this large study, with 
detailed organ dose estimates, they also were able to quantify this 
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association. They found strong linear dose – response relation-
ships for all CNS tumors combined and for glioma and menin-
gioma separately. Moreover, they reported that  “  …  radiation 
therapy was the most important risk factor for the development 
of a new CNS tumor in survivors of childhood cancers. ”  Radiation-
related risks were higher for meningiomas than gliomas, but the 
radiation effects became apparent earlier for gliomas. Indeed, 
secondary gliomas rarely occurred more than 15 years after ther-
apeutic radiation for the initial cancer, whereas the largest num-
ber of secondary meningiomas appeared after 15 years and the 
excess risk continued throughout the follow-up period. When 
 radiation dose was taken into account, neither the type of fi rst 
cancer nor the sex of the subject altered the risk of a subsequent 
glioma, but being irradiated before age 5 was associated with a 
higher risk. In contrast, as shown in most other studies of child-
hood cancer survivors, chemotherapy did not appear to increase 
the risk of CNS tumors. 

 Radiobiology has generally held that the carcinogenic effects 
of radiation decrease at high therapeutic doses due to cell killing 
 ( 12 ) . Recent research, however, indicates that substantial in-
creased risks of subsequent solid cancers are associated with 
high therapeutic doses used to treat both adult and childhood 
cancers  ( 3  –  5 ) . Neglia et al.  ( 7 )  have shown that radiation doses 
of 30 Gy or more to the tumor location are associated with 
 statistically signifi cant excesses of benign and malignant CNS 
tumors. Very few children received doses of 45 Gy or greater, 
but those who did had a 30-fold statistically signifi cantly higher 
risk for all CNS tumors combined than survivors who received 
less than 1 Gy. Sachs and Brenner  ( 13 )  proposed that during 
 radiotherapy the decrease in transformed stem cells due to cell 
killing would be approximately balanced out by the increase in 
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transformed cells during organ repopulation, thus the net radiation-
related cancer risk would not be expected to decrease rapidly 
at high doses. In a study also conducted in the CCSS cohort 
 ( 10 ) , a strong dose- dependent risk of radiation-related thyroid 
cancer was demonstrated, but the risk began to decrease at thy-
roid doses above 30 Gy. This apparent difference in results be-
tween the two CCSS studies of second cancers might suggest 
that cells of different organs or tissues may have more or less 
ability to repopulate. 

 Findings from the burgeoning second cancer literature should 
remind us that as new radiotherapy techniques are introduced, 
consideration should be given to their potential impact on the 
induction of second cancers. Treating children requires special 
care because we know from studies of the atomic bomb survivors 
and other irradiated populations that children have a higher 
risk of developing radiation-related cancers than adults  ( 14 ) . 
Intensity-modulated radiotherapy was developed to improve lo-
cal tumor control and reduce acute toxicity, and it has been used 
successfully for several cancer types. Some investigators, how-
ever, have cautioned that compared with conventional radiother-
apy, the widespread use of intensity-modulated radiotherapy 
could result in a higher incidence of radiation-associated second 
cancers  ( 15  –  17 ) . 

 Although the absolute number of radiation-related CNS 
 tumors is small, the development of a subsequent glioma is 
 particularly devastating because malignant brain tumors are 
largely fatal. Even benign meningiomas can cause substantial 
physical and mental limitations depending on their location. 
The results from this investigation again highlight the need for 
careful, long-term clinical follow-up of childhood cancer sur-
vivors to improve the chances of early diagnosis and success-
ful therapy. Unfortunately, many survivors drop out of medical 
follow-up fairly soon after their initial cancer diagnosis — 20 
years later only approximately 40% of a sample of the CCSS 
cohort reported a cancer-related medical visit  ( 18 , 19 ) . Oeffi nger 
 ( 18 )  has suggested that some survivors want to think they are 
cured, whereas others are worried about a recurrence, and 
avoidance is one way of coping. As data on the lifetime health 
consequences of successfully treated childhood cancer survi-
vors have become available, the need for more innovative 
ways to monitor these patients throughout life has become 
clear. 

 The rapid increase in survival for childhood cancer has been 
an important medical success; however, childhood cancer survi-
vors continue to experience late-occurring complications of their 
disease or therapy. Subsequent new primary cancers are the sec-
ond most frequent cause of death in the CCSS cohort  ( 20 ) . Thus, 
it is important to increase our understanding of secondary can-
cers and what factors affect risk. By identifying persons at high 
risk of long-term treatment effects, it may be possible to reduce 
the growing number of patients who develop secondary malig-
nancies by individualizing treatment.   
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